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§9. Effects of the Non Quasi Steady State on 
the Emission Lines in Plasmas 
T. Kato, 
Kubo and K. Shimizu (JAERI) 
We have been developing a collisional 
radiative model (CRM) for carbon atom and ions 
to understand the density effect on the emission 
lines as well as ionization and recombination 
processes in hot dense plasma. Here we apply the 
results of these studies to the line emissions from 
divertor plasmas. Specifically, in JT-60U, the 
spatial distribution of the absolute visible line 
intensities of carbon ions, C II, Cill and CIY, has 
been measured in the divertor. In simulation 
studies, the line intensity of Be-like carbon ion (C 
ill) can not be explained by the excitation process 
even including the density effect 1 
Generally when we analyze the emission 
line intensities from a plasma we assume a quasi 
steady state which takes into account the time 
dependent behaviour of the only ground state of 
ions. Using these ion abundances, the population 
of the excited states are calculated. However the 
non quasi steady state model is necessary for 
certain line intensities which are related to the 
metastable states. In this paper we have solved the 
time dependent ion abundance including the 
metastable state 2s2p 3P which behaves like the 
ground state since the population of the metastable 
state is larger than the ground state in a steady state 
condition. We call this model as "time dependent 
metastable model". It is found that the metastable 
state remains long time and that the inner sub-shell 
ionization from C II ground state 2s22p 2P makes 
the metastable state 2s2p 3P effectively in ionizing 
plasmas especially at high temperatures. 
Consequently the line intensities of the singlet state 
decrease comparing to the results by a quasi 
steady state model by a factor of three whereas 
those in the triplet states increase. This model 
increases the population of the metastable state and 
changes the line intensities comparing to the quasi 
steady state model in the ionizing plasma such a 
divertor plasmas. In Fig.1 the result by time 
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Fig. 1 The ion abundance as a function of net for 
Te = 20 eV and ne = 1013 cm-3 by the time 
dependent metastable model. G and M indicate the 
population of the ground state and metastable state 
of C ill, respectively. The dotted lines show the 
results by the quasi steady model. 
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Fig.2 Line intensities for C II, C ill and C IV by 
time dependent model in the same condition as in 
Fig. 1. The dotted line is the intensity of C ill by 
the quasi steady model. The arrow indicates the 
period when the line intensity ratios are close to the 
observed ones. 
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